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COMPLHTB SPECIFICATION 

'Expandable Thermoplastic Polymer Particles containing 
Volatile Fluid Foaming Agent and method of 
making tl^e name 


We t THI DOW OlSMI&a OJUfAST, I 
Corporation organised and existing under the 
Li of the Suk zi Delaware, United State* 

State of Michigan, United States of Amelia, 
do hereby declare the invention, for which we 
pray that a patent may be graoted to us, and 
the method by whicn it is to be performed, to 
be particularly described in and by the follow 

10 ing statement:— 

Thii invention reiatea tn oanicie*. It 

more particularly relates to puatic particle* 
>- hi ch iw* incorporated '-Herein a discr?te 
liq^ phix isJ w rsster*!; prepare there- 

One r%r the major disadvantage* of the prior 
method* of making the ioi^sd thermoplastic 
product* known to the art i* inherently 
the cell fixe of the foamed plastic material i* 

20 relatively large and that the panicle* them- 
selves are not readily available commercially 
in $ize* suftcientry small for some applications. 
In many it is desirable to have 

available an expend* ok ihermopiisd; r?*»«ou* 

25 material which is capable of forming a unitary 
cellular body having a small cell size and cap- 
able of conforming to minute variations of a 
mold cavity. Further, it would be advantageous 
and beneficial to have available a thermonlastic 

30 resinous panicle or bead which is capable of 
expanding into a single ceil when required. It 
would also be beneficial if there were available 
a method of fabricating thermoplastic resinous 
(Pric* 4s. 6d.] 


panicle* having, a generally cvp-uke or 
generally spherical urn- like configuration. 
In accordance with this invention these bene- 
ir» tr»v.-~* hv n twin in? • mo n oc e llular 
thermoplsstic resinous panicle having encap- 
sulated therein a? discrete portion of at least 
one non-polar liquid, volatile blowing agent for 
said thermoplastic resinous particle. • 

Further features and advantages oT the in- 
vention will become more apparent from the 
following specification when taken in con- 
nection with the accompanying drawing* 
•herein: 

Figure 1 depir; a thermoplastic resinous 
psnicle in sccoroance wun u*i !un^» 

Figure 2 illustrates a particle in accorua.^ 
with the invention ofter heat-treating; 

Figure 3 illustrate* an alternative embodi- 
ment of a panicle •« accordance with the in- 
vention; . , , 

Figure 4 is a sectional view of a panicle of 
Figure 3 after heating; 

Figure 5 illustrates a sectional view of a 
particle in accordance with Figure 4 contain- 
ing an additional feature; 

Figure 6 is a sectional view sf a body com- 
prised of expanded panicles of Figure 1; 

Figure 7 depict* sn anicle having a coating 
employing panicles of the invention; 

Figure 8 depicts, s schematic enlarged 
sectional view of a coating tuch as in Figure 
7; and ' . ( , . . 

•Figure 9 is a schematic enlarged sectional 
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view of the coating of Figure 8 in expanded 
form. 

lo Figure 1 there it illustrated a sectional 
view o/ a panicle generally designated by the 
5 reference numeral 10. The particle 10 com- 
priaea the thermoplastic resinous, generally 
spherical iheJI 12. The ahell 12 defines an outer 
spherical surface 14 and an inner spherics! 
surface 15. Confined within the spherical iur» 
10 fact 15 li A non-polar liquid blowing agent 17, 
and tht Mowing agent 17 fills a major portion 
of tht cavity dcAncd by the inner surface 15 
su^txrvea to partially define the vapor space 
18. The particle 10 la of generally symmetrical 
1 " spherical ccnflguraiioa having the inner surface 
15 tad the outer surface 14 fn a generally 
conctotric amngetrent 

In Figure 2 there la illustrated a sectional 
view of a monocellular panicle or monoctll 
20 luxia lly designated by the reference numeral 
20 which compriso a body 21 of thermoplastic 
resinous materia). The body 21 la to the form 
of a generally spherical ahell having ao outer 
turf act 23 and aa inner surface 24. The inner 
25 turf ace 24 define* a space 26. The particle 20 
of Figure 2 i» formed by heating a particle 
such aa particle 10 of Figure 1 to a temperature 
suAoentry high to permit pUstic flow of the 
wall 12 and to vaporize at t&ut a portion of 
30 the blowing agent 17 sufficient to provide 
adequate pressure to deform the spherical shell 
12 of Figure l'into the shell 21 of Figure 2* 
On cooling of tht ahell i\, the thermo- 
plastic resinous material no longer will flow 
35 and deform and it retains its increased dimen- 
sion* while the blowing agent tends to condense 
and results in a reduced pressure within the 
panicle. Usually on expansion of a panicle 
such aa 10 into the configuration of the particle 
40 such as 20, the pressure wjthin the space 26 
will usually be less than the acnoapheric pres- 
sure surrounding the miter surface 23 of the 
shell 21 and the waU thickness of the shell 21 
then governs tht rate at which the higher 
45 pressure acmosphere outside the expanded par- 
ticle 20 diffuses through the wall and into the 
space 26. Frequently, the raising scent simul- 
taneously diffuses out of the panicle as the 
aonofphert or air surround tag the panicle 
50 diffuses in. Generally, the expanded panicles 
on storage tend to lose their blowing agent to 
tht atmosphere. 

Io Figure 3 there is illustrated a sectional 
view of an alternative embodiment of the 
55 i n ve ntion wherein a generally spherical particle 
30 comprises t shell 31, defining a generally 
spherical outer surface 33 and an inner surface 
34* Tht inner surface 34 defines • cavity or 
space 36 having disposed therein a non-polar 
60 volatile blowing agent 37 and a vapor space 
38. The space 36 is not disposed concentrically 
with tht outer surface 33, thus providing the" 
shell 3 1 with a heavy or thick wail pen ion 39 
and a thin wail portion 40. The pniclc 30, on 
65 nesting to a temperature sufficiently high to 


promote plank .lew in the shell 31 and to 
volatilize the blowing agent, forms „ oarticle 
such as particle *3 of figure 4.4 

Figure 4 lii sectional view of a panicle 45. 
The particle 45 has a generally spherical cup- ~ 
like configuration. The oody portion 46 defines 
an exterior surface 47 and sn Interior surface 
48. The exterior surface 47 and the interior 
surface 48 define an opening 49 to the space 
50. 

In Figure 5 there is illustrated a sectional 
view of a panicle generally indicated by the 
reference numeral 55 which is similar to the 
particle 45. The panicle 55 has a wall portion 
56 defining an interior cavil v 57 and an open- ► 
ing 58. Disposed within the cavity 57 is a 
liquid 59. The liquid 59 suitably may be any 
desired material which Is non-reactive with or 
a non-solvent for the thermoplastic resinous 
material of the panicle 55. h 

In Figure 6 there is depicted a sectional 
view *of a body 62 of particles 63 which are 
formed by the simultaneous expansion and 
adherence of the particles 6*3 to their adjacent 
neighbors, «; 

in Figure 7 there is illustrated an article or 
container generally designated by the reference 
numeral 70. The container 70 comprises an 
exterior waU portion 71 defining a cavity 72. 
Disposed peripherally about the wall portion V 
71 ia an adherent coating 73 containing a 
plurality of expandable thermoplastic resinous 
panicles having encapsulated therein a liquid 
blowing agent. (Relative size oU panicles is 
greatly exaggerated for clarity). u 

In Figure 8 is an enlarged schematic cross 
sectional view of a sutjatrateJO having on one 
surface thereof a coating 81. The coating 81 
comprises a* thermoplastic resinous binder 
having contained therein a plurality of expand- 1< 
able particles. 

Figure 9 depicts an enlarged schematic sec- 
tional view of a substrate 80 having on one 
major surface thereof a coating 81' comprising 
a binder 82 adhering together; a plurality of \ \ 
panicles 20. The costing 81' of Figure 9 is 
readily achieved by heating the coanne 81 of 
Fipre 8 to a temperature at which the par- 
tic.es as shown in Figure 8 expand to form the 
panicles 20. \\ 

Particles ia accordance with the invention 
are readily prepared from s wide variety of 
materials. Advantageously, the -panicles ia 
accordance with the invention are usually pre- 
pared by providing an aqueous dispersion of \2 

(1) organic moroomeric materials suitable for 
polymerization to a thermoplastic resinous 
material having the dtairtd physical properties* 

(2) s non-polar liquid blowing or raising agent 
which exerts little solvent action on the result- 12 
ing polymer, which is employed in a quantity 

in excess of that which ia soluble in the poly- 
mer, and (3) a dispersion' stabilizing material 
which is utilized to maintain the dispersion, 
subsequently polymerizing the monnrrzric 1£ 



1,044 f 6'D 


) 


material to wild spherical panicles having a 
quantity of the liquid blowing agent eocapsu- 
- La ted therein at a distinct and separate phase. 

A vide variety of organic materials may t be 
5 employed with advantage in the practice' of 
the invention. Typical of these are the alieoyl 
aromatic monomers. Uy the term H alkcnyl 
aromatic monomers" is meant a compound 
having the general formula; 


10 


Ar— C- CH t 

I 

H 


. wherein Ar represents aa aromatic hydrocarbon 
radical or aa aromatic halohydrocarboo radical 
of the benzene series. Examples of such alkenyl 
aromatic monomers are styrene, o • methyl* 

15 iryrcne, m - methyistyrenc, A - methyiatyTrne, 
cthylsryrene, ar • vinyl - xylene, ar * chloro- 
ujiuMi or ar - bromorryrjaic. Various other 
tryreac derived compounds may be employed 
such as vifiylbcazyichloridc and p - ten. - 

20 buTylaxyrcsc* 

The acryUie monomers alone or in com- 
bination with the alktnyl aromatic monomers 
may also be utilized. Such acrylate-rype 
monomers include monomers of the formula: 


R* O 

i n 
CH, - C — C — 


OR 


wherein R is hydrogen or an alzyl radical con- 
taiaing from 1 to 12 carbon atoms and R' is 
hydiu g eu or methyl Typical aery late materials 
which may be used are methyl methacrylate, 

30 ethyl acryiate, propyl ecrytate, butyl acryUtc, 
butyl methacrylate, propyl methacrylate, lauryl 
acrylate, 2 - einylheiylacryiace, and ethyl 
methacrylate. 
Copolymers of vinyl chloride and vinylidesc 

35 chloride, aery loni true with vinyl chloride, vinyl 
bromide, and similar halogens ted vmyl com* 
pounds may be incorporated in compositions ia 
accordance with the invention. Esters, such as 
the vinyl esters having the formula: 


CH,- CH- 


0< 
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wherein R is an abryl radical containing from 
1 to 17 carbon atoms, may also frequently be 
employed with benefit Typical monomers fall- 
ing wnhia this classification arc vinyl acetate, 

45 vinyl butyrate, vinyl steerate, vinyl laurate, 
viayt mvrutatc, and vinyl propionate. 

Beneficially, ia cerraia instances and when 
usifig specific dispersing agents, it is frequently 
advantageous to i n co r por a te in the polymeric 

50 material a portion of a copolymerizsble acid 
to further improve the geometric form of the 
particles ia accordance with the invention and 
oftentimes provide increased adhesion of the 


resultant polymeric panicles to various poUr 
turfaces such as metal and wood. ^5 

Typical copolymcrizabJe acids are acrylic , 
acid, methacrylic acid, itaconic acid, ritrsconic 
acid, maleic acid, fumartc Kid, and vinyl- .. 
benzoic acid. 

A wide variety of non-polar blowing or 60 
raising agents may be incorporated within the 
polymerization system. They caa be volatile 
fluid-forming agenti such as aliphatic hydro- 
carbons including ethane, ethylene, propane, 
propene, butene, isobutene, oeopenune, 65 
acetylene, hesane, Vptane, or mixtures of one 
or more such aliphatic hydrocarbons aavirut a 
molecular weight of at least 26 and a boilwgv 
point below the range of the softening point or - 
the lesinous material when saturated with the 70 
particular blowing agent utilized. 

Other tuitsble fluid-forming agents- are the 
chlorofluoro-carborts, e.g. CQ»F, CQ,F H 
CGF„ CQFr— COF, CFr— COF, and 

^Fr-tF, • 

CF X — COP and tctraatkyl lilancs such as 75 
C^Ff— OC1F 

tetramethyl silane, t rime thy lethyl tilant, cri- 
mcthylisopropyl si lane and trimethyl-o-propyl 
si lane. The boiling point of such blowing agenti 
at atmospheric pressure should be ia about the 
same temperature range or lower than the 60 
loftening point of the miaous material em- 
ployed. 

Suspensions of mooomeric materials for the 
preparation of panicles in accordance with the 
invention are usually made employing a sua* 85 
pending agent such at water-soluble gum e.g. 
methyl cellulose, gum bar, . hydroxypropyl 
jnethylceilulose, carboxy methylctllulese, col- 
loidal silica, .and colloidal clays. 

Usually, in order to initiate polymerizauon, 90 
a suitable catalyst, preferably of the oil-soluble 
variety, is incorporated within the mooomeric 
system. Suitable catalysts include peroxide 
compounds and high energy ionizing radiation. 
Suitable organic peroxides include benzoyl 95 
peroxide, lauryl peroxide* ttrt.-buryl peracetate, 
tert.-butyl perbenzoate, cumeae hydroperoxide, 
and cumene ethyl peroxide. 

In preparing the particles ia accordance with 
the invention, it js desirable, atthough not 100 
necessary, to exclude oxygea and similar free 
radical chain-terminating materials from the 
system. This is readily accomplished by flush- 
ing the system with sa inert atmosphere such 


aa nitrogen. 


105 


Generally, ia preparing the aqueous dis- 
persions to be polymerized ia accordance with 
the invention, the monomer and blowing agent 
constitute a major portion of the oil phase and 
are incorporated with water in a ratio of from no 
1 : t oil-phase-to-waier to 1:6. Usually, the 
suitable dispersing agent is incorporated within 
the water phase and the monomer » blowing 
agent, and catalyst are mixed. It is benrftual 
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to provide violent agitation if the resulism 
particles axe detired (o hive a small diameter. 
If extrcmcJy small panic lei arc desired, it 
^ ™X be necessary to uk i homogcnizer or 

3 similar device in order to obtain uruforrn con. 
trol o/ panicle size. It is frequently beneficial 
to utilize a limited coalescence technique aa 
described in Specification 802,061 in combina- 
iic» with a mechanical homogenizer or similar 

10 devices that will subject the dispersion to con- 
ditiuoa of high shear prior to polymerization. 
Using • limited coalescence technique droplets 
may be produced having a particle- size of 
from | to 50 microns, 

,5 There are various addiumenu which may 
be made to the pciTmerixatioo system. Encap- 
sulauon of a blowing agem may be obtained 
where the initial monomer charge contains • 
polymer dissolved thereia, /or example, 10—15 

-™ percent by weight polystyrene is readily dis- 
solved ia methyl ascthacrylste and is polymer- 
ued ia accordance with the examples of this 
application. Stabilizers, lubricants and similar 
aubstaaces which oftentimes ire desirably ia* 

25 corpora red into polymeric materials may be 
added with the monomer or blowing agent as 
desired. 

The order of the addition of the constituents 
to the poJymerizatioc usually is ooc critical, but 

30 beneficially it is more co nve ni ent to add to a 
vessel the water and dispersing agent, then 
add the blowing agent to the monomer, and 
i n co r por a te the oil-soluble catalyst ia the 
monomer mixture, and subsequently add with 

35 agitation the monomer phase to the water 
phase, The blowing agent or raising agent must 
be present ia a proportion which exceeds the 
solubility of such an agent in the polymer 
formed. The proportion of blowing agent 

40 usually is about 20 to 30 weight per cent and, 
beneficially, is not lea than a bout. 20 e.g. from 
20 to 95 and preferably from 50 to 95, volume 
percent baaed on the total volume of the' poly- 
mer and blowinx agent. When suitable blowing 

45 agents having desirable solvent characteristics 
for the monomer system being - utilized are 
employed in quantities less than 20 volume 
percent, that it, baaed on the volume of the 
oil phase, separation frequently fails to occur 

50 and particles smaller ia diameter than about 
40 microns do not expand on heating. 

Generally, for most applications, it is desir- 
able to prepare, a bead having an extremely 
small cbameter such as from 1 micron to 50 

55 microns and, advantageously, between 2 and 
10 microns. Such beads or panicles having a 
small diameter are 1 readily molded into shaped 
•nicies having a smooth uniform texture, excel* 
lent insulation value, and high strength. Small 

60 panicles are readily dispersed ia gases such as 
air to prepare plastic smoke or fog. However, 
if desired, larger panicles are readily prepared 
by utilizing a suitable suspending agent. Bene* 
hcially, on polymerization of a droplet of the 

65 desired size, the m ono m e r, or monomers, as 


the case may be, polymerize to form a polvtner 
shell such as the shell 12 of Figure 1 surround* 
ing a distinct and separate liquid phase of the 
blowing agent which is forced out of the mono- 
mer-biowin^ agent mixture of the bead as 70 
polymerization progresses. 

Generally ( in order to prepare the sym- 
metrical beads as shown in Figure 1, it is 
desirable to incorporate within the monomer 
mixture copolymer it* ble polar systems, for 75 
example, if a non* polar monomer is being poly* 
men zed such ai sryrene, in order to assure that 
a majority of the panicles produced from the 
polymerizaiion have a uniform wail thickness, 
it is generally desiraNe to incorporate from 1 to 
percent by weight of the monomer to 10 per- 
cent by weighf oi the monomer of a copolymer* t 
izable polar system such as methyl mtuV 
acrylate, acryljc acid, fumaric acid, and vinyl 
acetate. 33 

When poivmeric materials are utilized which 
have softening points below 50°G, such as 
poiyacrylaies or aery laic copolymers which have 
a plasticizing monomer incorporated therein 
such as 2 . ethylhexylacrylate, careful handling 90 
of the product is required. After polymeriza* * 
tioo in a pressure vessel if the product is to be 
isolated as an unexpended parade the temper* 
ature of the reaction mixture, and the atmos- 
phere in which it is being handled, must be 95 
at least 5° below the softening t emper ature 
of the polymer. Otherwise, expansion will 
occur when the pressure is released from the 
polymerisation vessel. In many instances where 
the desired product is the expanded bead, the 100 
polymerization vessel may be vented at a rem* 
perarure above the softening temperature of 
the polymer and a slurry of expanded particles 
obtained which art readily separated from the 
liquid by ffouu^a and dried by cencrifugatioo 105 
and similar conventional methods. ' 

The coporymers of styrene with from 1 to 4 
percent by weight mcthacrylic acid, -and the 
copolymers of styrene with 10 to 80 percent * 
acrylonitrile axe particularly advantageously 110 
employed. These compositions, when polymer* 
ized in accordance with the invention, provide 
a product which consists of about 100 percent 
spherical panicles having symmetrically en- 
capsulated therein a blowing agent. Also advan- 115 
tageous are those styrene copolymers which 
provide symroeo-ical encapsulation in at least 
80 percent of the particles prepared. These 
polymers are copolymers of sryrene with from 
J 5— 40 percent ev weight of vinyl benzyl 130 
chloride, also copoiymen of sryrene and from 
1 to 8 percent by weight of acrylic add. 
Copoiymen of styrene and 2—10 percent of 
acrylonitrile also provide a product which 
shows over 80 percent symmetrical encapsula- 125 
tioa. At least 80 percent syrnrnetricai escap- 
sulstioo is achieved in utilizing a polymer of 
acrylonitrile with from 7 to 60 percent by 
weight of vinylidene chloride. Vinyl benzyl 
chloride kd copolymers of onho-chloroatyrene 130 
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and Is particularly advantageous for the incor- 
poration of additamenti into plastic mauct 
in which ihe addltmem oftentimes It not 
readily diipenible and yet lubsrantiilly uni- 
form diipenion it required. Such pt nicies alto 
serve other unique function! such at dye 
ca men wherein a diipenion of the djre ia a 
liquid is incorporated within the cavity, the 
panicles dried to remove alt moisture, and the 
outer turfacn poll shed by tumbling, thus 
resulting in a maaa of small panicles each con* 
taining a portion of dye and presenting a clean 
exterior surface. If tucb dye is a water-soluble 
dye, the panicles are readily added to water 
and the dye readily dissolved therefrom. 

Expanded beads or panicles preferably those 
having diameters of 0.5 to 2.0 microns in 
accordance with the present -Invention are 
readi*v incorporated In coatings. This often- 
times is more readily done by pre/oaming. or 
expanding the beads Into Individual spherical 
panicles tad subsequently admixing them in 
a suitable binder. Such a binder can be one 
of the lacquer type, that is a binder dissolved 
in a solvent, or it can be an aqueous diipenion 
of a film forming polymeric material or even 
an aqueous solution of a film forming material. 
The precise and particular type of binder or 
vehicle for Use expanded panicles. will depend 
upon the particular composition of the 
expanded panicle which is utilized. Generally 
the vehicle should be of such nature that it 
does not chemically stuck or physically deform 
the expanded panicles and allows them to 
remain in the finished coating as distinct 
physical entities. The relative amount of the 
binder employed in the vehicle will be depend* 
ent upon the* properties* desired in the resultant 
coating. For example, if a porous bulky eoeung 
is desired the proportion of binder is main- 
tained sufficiently small that the panicles are 
adhered together primarily, at their points of 
contact and msumcient btndc/ is provided to 
fill the iiuemitiai spaces between the panicles. 
If an impervious coating is desired a larger 
quantity of binder is employed which results 
in a plurality of hollow spherical particles dis- 
persed within a matrix of the binder. In 
choosing a vehicle for a particular polymeric 
composition of expanded bead it is necessary 
that the vehicle should not exert a strong 
solvent action upon the panicle. Otherwise the 
insulating and other desirable properties of the 
coating which are achieved by using the hollow 
bcada ia destroyed and the resultant coating 
will be no more than that which as achieved 
by dissolving an equivalent amount of polymer 
in the vehicle end depositing it as a lacquer or 
crushing the beads prior to dispetial in the 
vehicle. Coatinp which utilize the hollow 
spheres tend to be excellent light dispersing 
media as they provide a large- number of 
internal surfaces, each of the surfaces being 
curved. , 

Suitable coatings formulated with expanded 


panicles in accordance with the invention pro- 
viJe thermal insulation at well as a generally 
( attractive appearance. The thickness to height 
ratio o! lucn coatings ia generally substantially 
and significantly greater than usual coating 
m«tcrialt thus providing insulation and resist- 
ance to degradation by 'sunlight and similar 
radiation. Beneficially temporary coatings are 
easily prepared by utilizing a water soluble 
binder. By way of illustration the expanded 
panicles may readily be dispersed In an 
aqueous lyttcm utilizing a water soluble poly- 
meric material. For example, expanded 
panicles in accordance with the invention are 
readily diipcrsed in an aqueous tystera con- 
taining a water soluble polymeric material such 
as water soluble hydroxypropyt methyl 
cellulose, sodium carboxy cellulose, and gum 
agar. As with other coatinp utilizing the 
panicles of the Invention it may be applied by 
spraying, dipping, rolling, brush and the Uke 
and on drying provides thermal Inaulatlon aa 
well as protecuon Irom radiation. However, 
when the coating is no longer it la readily 
removed by flushing with water. Among the. 
permanent coadpgs one may uulixe a solution 
of a thermosetting material such aa a phenol 
formaldehyde resin in water or suitable solvent 
which provides a coating that Is not readily 
attacked by either water or organic solvents. 
Such insulating coalings are advantageously 
used in many applications including, piping, 
duct work, walls, snd the like. The water 
soluble coatings may be utilized for temp orary 
frost protection on plants such as fruit trees 
and flowers. 

Alternatively the unexpanded paniclea are 
readily incorporated into a suitable vehicle 
containing a binder which, must meet the 
limitations of a vehicle for expanded paniclea 
but in addition must be uHermopUstic. Where 
the unexpanded paniclea are employed, in A 
coating with thermoplastic* binder, heating of 
the dried coating causes the particles to 
expand and provide a foamed coating. 
Advantageously tuch an expandable coat- 
ing can readily be used in a wide 
variety of applications including insulating 
laminated bags, frozen food containers* ice 
cream and cold drink containers as well M hot 
drink containers. Such foamabie coaonga are 
pantcularly advantageous and beneficial where- 
in attractive texture effect is desired, as they 
are readily applied in such a manner aa to give 
a non-uniform coating thickness; for example, 
if they are incorporated in a latex paint formu- 
lation and applied to a surface utilizing a 
roller having a long nap, the coating has a 
short term variation in thickness which on 
expansion gives rise to a corresponding varia- 
tion in the expanded thickness of the coating. 
The binders utilized with the expandable par- 
ticles in accordance with the invention must be 
thermoplastic within a temperature range 
suitable to the particular panicle employed. 
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Thu it, for example, if • uSermoplaatic 
resinous panicle containing as § distinctly 
pirate liquid phase an expandable liquid or 
blowing agent ii placed within the coating 
which nas a softening point which is suostan. 
tially lesa than that of the panicle, that is 
from about 70— 100°C lowtf than the wfte fl- 
ing point of the panicle resin a relatively poor 
foamed coating will result. In iuch a case the 
temperature required to promote expansion or 
rekaae of blowing ascnt bv the pankle* it 
sufficiently high that the Wscdairy of the binder 
ofteotimea will be too low for satisfactory 
foaming to occur. Because of the relatively low 
viscoaity at the high temperature the blowing 
agent which is released from rvpiurable ©ar- 
ticle* in accordance with the invention diffuses 
rapidly through the binder material at it is 
cooling and the resultant foam volume U 
generally leaa thaa thai which could be ob- 
tained if a more auitable binder were utilized. 
Although this ia beneficial, certain exception* 
exist, particularly ia some of lhe plasucixed 
polyvinyl chloride compos I lions which are 
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with tempcrmture as do binders such as the 
vinylidene chloride — vinyl chloride compo. 
sitiona. The expandable coatings and coaungs 
containing expanded panicles are readily 
applied by the common coating techniques. In 
coaiinp where the expanded partklei ire 
utilized some precaubona must be observed to 
maintain uniformity of the coating composition 
as the hollow panicles exhibit a tendency to 
aoat. This tendency to stratify ia somewhat 
leaa than might be generally presupposed par- 
ticularly in cases where the diameter of the 
panicles ia relatively small, that ia, below 50 
microns. The viscosity of such coating mixtures 
and Brown ian movement tends to make strati* 
fication a slow process. Usually ia the prepar- 
ation of expandable coatino ia accordance 
with the present invention it ia desirable to 
maintain a sumciem quantify of binder in the 
coating then oa expansion it will remain a 
coherent, adherent protective UyerrHowevtr, 
by reducing the volume of the binding material 
to a point where it ia sufficient to bind the 
unexpended panicles but iaruffkieat to bind 
the expanded panicles, a coating composition 
of thia type provides aa excellent temporary 
coating whkh can readily be removed by the 
application of heat B? way of illustration, it 
a metal surface ia to be protected by a tem- 
porary coating which is to be removed without 
the application of solvent or other liquid means 
a coating of expandable particles in sufficient 
binder to maintain a coherent coat ia applied 
to the surface. When the coating is to be 
removed the temperature is raised to the point 
where the spherical particles expand. If a 
relauvely no a -polar binder is employed, that 
is, one with less than maximum possible ad- 
hesion to the metal substrate, the binder will 


preferably sJherc to the rwrtKlcs as they 
tapand. As ihc volume of t"< binder present 
Is insufficient to maintsin s coherent lltm and 
the coating falls away as a dust leaving a clean 
metallic surface, the capandable coatings of 70 
the present invention inherently are intumes- 
ccm. If a raising or expanding agent such is a 
hslogensted compound is employed significant 
lire rctardani properties are introduced. The 
fosmable costings prepared utilizing halogen* 73 
atcd materials, sre found to be excellent Are 
retard ants. 

Coating compositions utilizing expandable 
panicles are also beneficially employed for the ' 
fabrication of laminates. For example, a Urn- 80 
inate is readily prepared "by coating a paper 
with an expandable coating, positioning the. 
two portions of the coated paper with their 
coatings in contact and heating the sheets to a 
temperature sufficient to pause the coatings to 85 
espand and fuse together. The resultant 
laminate is strong, light in weight, and exhibits 
excellent insulating properties. Similar Urn* 
inates are readily prepared utilizing metallic 
foils, synthetic resinous film, various paper*, 90 
assjguU M*ti,mxhi hC like -Sheets having an 
expandable coaling in accordance with (he 
present invention may be treated by the selec- 
tive application of heat to provide vanous 
decorative patterns. For example, a sheet of 95 
material having an unfoamcd coating on the 
surface may be selectively treated with heat to 
prepare limited and patterned foamed portions. 
This is readily accomplished by using a heated 
itylus applied to the surf see of the coated sheet 100 
remote from the coating or by the application 
of a heated panemed platen. Various designs 
and indicia are readily generated. Particularly 
advantageous is the use of a colored base sheet 
employing a clear coating formulation. On 105 
heating, the foamed portions appear white or 
slightly tinted with the color of the base sheet 
arid stand out in sharp contrast tfstreto. 
Alternatively a colored coating composition 
may be used and on foaming the intensity or 110 
depth of the color is greated reduced. Alter* 
natively, a foamed coating may be treated bjr 
the selective application of heat to emboss it' 
and generate decorative patterns. For example, 
if a sheet having a foamed coating thereon 115 
has a black surface underneath the foam it 
will appesr white, provided of course the foam 
is of adequate thickness. On the application of 
a heated stylus or heated type the foam 
particles collapse and uV coating is clear and . 120 

the result appears as a black on white. 

The expandable panicles of the present 
invention are also advsntageously employed in 
admixture with heat setting adhesivea, par* 
licularly when adhesivea are utilized on 125 
relatively uneven surfaces such as wood. When 
the adhesivea containing a portion of the 
expandable particles are placed between two 
surfaces to be joined and heat applied thereto 
the expansion of the particles increases the 130 
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bulk of the adhesive and forces it into contact 
with ihe surfaces to be Joined. Thut the advan- 
tages of conventional foaming adhciive tech- 
nique arc gained with the additional bene lit 
thai the adhesive may be applied in thin lavers 
and atill expand in the desirea! location. In a 
limilar manner the expanded coatingi may be 
utilised u adhcaives themselves. If a tape or 
sheet is coated on both tides with expandable 
coatings and positioned between lurfaccs to be 
joined, heat applied, the parucjea^sroand, bond 
. together and to the surfaces, thus providing in 
effect not only an adhesive but a gaata. Ad- 
vantageously the expandable panicles of the 
present inveatim may beneficially be employed 
for the preparation of expandable resinous 
compositions. If expendible particles of the 
present invention are incorporated into a self- 
reacting material which is exothermic, the heat 
of the reaction may be sufficient to expand the 
panicles while the exothermic resinous sub- 
stance is curing, thus tow density foamed 
resinous material b readily prepared from 
material! which are not easily or readily 
foamed by conventional methods. As can be 
readily realized, the amount of heat liberated 
by the reactive exothermic material will control 
in pan the amount of expansion. If with the 
chosen composition the degree of expansion is 
not as much aa could be reasonably expected it 
may be desirable to raise the temperature of 
the resin forming material pnor to its expan- 
sion. Particularly advantageous and benchcial 
as exothermic matrix within which tn incor* 
poratc the panicles of the present invention 
are the epoxy resin systems. Heretofore there 
has been no convenient manner in which rigid 
or flexible epoxv resin foam could be generated 
having a low density such aa in the range of 
1—3 pounds, per cubic foot (16—48 *p/ 
cu.m.) without the use of pressure equipment 
to restrain the mixture until foaming is desired. 
Utilizing the panicles of the present in^mjon, 
a curable epoxy resin mixture may be filled 
with expandable partklea of the present in- 
vention, then suitable hardener may be 
incorporated to cause the epoxy resin- to react 
and generate sufficient heat to expand the par- 
ticles and cure into a rigid body. Altemauvery 
advantageous and beneficial compositions are 
achieved when less exothermic materials ire 
employed. For example, if tn «poxy resin 
formulation is prepared which cures only to the 
B stage, that «, « is solid thermoplastic and 
will cure to a crosa-linked material on further 
heating, a powder can be obtained which may 
be used in fluid bed coating or sprayed on to 
hot surfaces where it will expand on the appli- 
cation of heat. Advantageoualv, epoxy resin 
expandable particle compositions are par- 
ticularly useful for encapsulation of structures 
such aa electronic circuitry and the like. Epoxy 
resin foam com positions prepared utilizing the 
panicles of the present invention have low 
dielectric constants, that is, in the range of 


about 1.07 to 1.08, a *aiiifsctory dissipation 
factor for mutt application!, that n, a dlaaipa- 
tion factor of about 0.0025 and a volume 
reiiiiivhy substantially greater than 10 1 * ohms 
cm'. Eipandable coating* in accordance with 
the present invention arc advantaeeoualy 
utilized in the preparation of cups for hot 
drinks and the like. Such cups are readily 
prepared by coating the paper from which the 
cupi are to be prepared or alternatively coaung 
the cups after fabrication. By uniting an 
aqueous dispersion of a film forming latex 
together with the expanded panicles of the 
invention, cups may be prepared which are 
readily suckabU^and occupy Uttla if any more 
apace than is normally occupied by conven- 
tional paper cups. Usually cups having ■ 
foamabfc coating may be fabricated from 
lighter paper or plastic, that is, thinner paper 
or plastic and consequently weigh leas and 
occupy less apace. Cups having an expandable 
coating are readily prepsred for service by 
subjecting to heat immediately pner to use 
and after they are unatacked. One partxeuiariy 
advantageous embodiment of the li^^tion 
incorporates a cup formed from a tun 
sheet and having on at least a portion of its 
outer surface a coatjng which will foam at • 
temperature of about 55°C With a coating of 
this nature it ia possible to expand the coating 
to give an insulating layer by a simpleaddiuoo 
of a heated liquid to the container. Thus tn a 
dispenser for hot beverages such as coffee. It 
is only necessary that the hot liquid be added 
to the cup in order for the insulating coaung to 
appear. The disadvantages of a prefoamcd 
coating are avoided as the necessity of pre- 
testing the cups in an oven or the like prior 
to serving. Generally low loriperature foaming 
coatings are most advantageously prepared 
utilising either the particles showing symmetri- 
cal encapsulation or asymmetrical encapsulation 
together with a film forming lacquer or p refer- 
ably an aqueous latex of a film forming poly- 
mer which has a relatively low innwrnsawn 
rate for the volatile expanding agent utilized 
in the panicles. t a , 

Beneficially, expandable or blowing agent 
containing particles which are relatively soft 
and indeed which may never exist under nor- 
mal ambient conditions as individual discrete 
expanded bodies at a temperature above their 
softening point are ( readily utilized. Typical 
compositions which 'are beneficially employed 
for this application are those polymethyl 
acrylate, methyl methacrylate-methyl acrylate 
copolymers in about i 1:4 ratio in the copoly- 
mer and utilizing neopentane as » blowing 
agent, styrene butadiene copolymers having 
from about 20—60 parts of styrene and about 
80—40 pana butadiene and the uke. The 
softer copolymers generally do not have ex- 
tended shelf life or stability, that is, there is a 
relatively rapid tendency of these compositions 
to lose their blowing agent to the surrounding 
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atmosphere, however, when admised wiih a 
. material such as vinylidene chloride, copoly* 
men wch as thou film forming materials 
containing from 30 — 93 percent vinylidene 
5 chloride with another monomer copolymeriz-» 
ible therewith, very satisfactory expandable 
coatingi are obuineeL The softer materials alio 
provide foemable coatings if extreme ihelf 
stability it not required* Such panicle*, 
1° although net readily expanded as individual 
particles whet) deposited on a convenient 
tuba trite form • continuuua film which, on • 
further heating, will form a foamed coating. 
AdvanugeouaJy expandable thermoplastic 

IS rciinouj beads Having a non-polar volatile 
liquid incorporated therein may be utilized ai 
a meant of handling or adding a volatile com- 
ponent to another system. For tuch spplica- 
tiona, it ia generally advanugeoua to maintain 

30 as high a proportion by weight of the encap- 
sulated blowint agent in the panicles as is 
. possible. Beneficially, such panicles are pre- 
pared in a substantially identical manner with 
the exception that considerably less polymcriz- 

25 able monomer k utilised. The precise pro- 
portion of polymer to volatile liquid employed 
will depend to a major extent on the duired 
size of the panicle aad the diffusion rate of 
the blowing, agem through the panick wait 

30 .If the parades are to be utilized in such a 
manner that they are transferred directly from 
a sealed container to a suitable system such as, 
for example, if they are being added to a ' 
resinous matrix such as aa epoxy resin, the 

35 diffusion rate of the blowing agent from the 
bead in a normal atmosphere may be relatively 
high as the time required to transfer particles 
from the sealed container to their ultimate 
destination will be small and any blowing agent 

40 loss will be prooortionately low. However, if 
longer term shelf, stability is desired or neces- 
sary the polymer shell must be, proportionally 
thicker for a given resin and offer suitable 
resistance to the diffusion of the blowing agent 

45 , from the. particle. Oftentimes it is advamageous 
to utilize larger panicles, that is, in the 
50—1000 micron range; for such applications; 
the larger particles require less polymer per 
unit volume of blowing agent for identical loss 

50 of blowing stent rates. 

Generally, in preparing particles with high 
proportions of blowing agent, that is, in excess 
of 50 percent, and more particularly in the 
range of 75—95 percent by volume of blowing 

55 agent, k is often desirable to employ a mono- 
mer system which on porymcrizatioo results in 
a cross linked polymer shell. Such systems 
contain up to 10 parts of a CTOssUnking agent 
such as divinyi benzene, propylene glycol di- 

60 meihacrylat* or diallyt phthalate. Contrary to 
the normal expectations, such copolymers are 
generally not ngidly cross linked, and on heat- 
ing are capable of expansion. However, usually 


they do not expand to the same Ucg/cc a. J 
material without (he difurxtiunil monomer. 03 

The invention is further illustrated, but not 
limited, by the following examples. Example 
44 it inserted for comparison purposes. 

i 

Example 1 

A polymerization reactor equipped with an 70 
agitator was charged with 100 pans of de- 
ionized water snd 15 pans of a 30 weight per- 
cent colloidal silica dispersion In water. The 
colloidal silica dispersion was 30 weight per- *' 
cent solids and available under the Registered 75 
Trade Mark o/ "Ludox HS*\ To this mixture 
was added 2.5 pans of a 10 weight percent 
aqueous solution of a copolymer prepared from 
dicthacal amine snd adipic acid in cquimolar , 
pr.)povujns by carrying out a condensation SO 
.-•anion to give a product having a* viscosity 
ol shout 100 centipoises ai 25°C One pan of 
a solution containing 2.5 weightpercent potas- 
sium dichromatc was added. The pH of the 
aqueous solution was adjusted to.4 with hydro- 85 
chloric add. Methyl mcthscrylate was utilized 
as the monomer. An oil phase mixture was 
prepared utilizing 100 pans of methyl meth- 
aery Late and containing 20 , weight percent 
neopentane (27.6 volume percent based on 90 
the total volume of the moooovr-neopcnianc 
mixture) and 0.1 pan of benzoyl peroxide as 
a catalyst. The* oil phase mistuse was added 
to the wa&r phase with vioient agitation sup- 
plied by a blade routing at a tpced of about 95 
10,000 rpm. The reactor was - immediately 
sealed and a portion sampled to determine the 
panicle size. The droplets appeared to have 
diameters of from 2 to 10 microns. After the 
initial dispersion, the reset ion mixture was 100 
maintained at a temperature of about S0°C 
for a period of 24 hours. At the end of this 
period, the temperature was lowered and the 
reaction mixture had the appearance of white, 
milky liquid similar to a chalk- white milk. A 105 
portion of the mixture was filtered to remove 
the beads snd the- be ads subsequently dried in 
an air oven at a temperature of about 30°C A 
portion of the dried beads were heated in an 
air oven at a temperature of 150°C for about HO 
3 minutes. Upon heating, the beada showed a 
marked increase i n volume. Microscopic 
examination of the beads prior to foaming 
indicated beads having diameters of from 
about 2 to about 10 microns and having dis- 115 
persed therein s distinct spherical zone which 
appeared to con&in liquid and a small vapor 
space. The beans which had been heated were 
examined microscopically and were found to 
have diameters of from about 2 to 5 times the 120 
diameter of the original bead and to have a 
relatively thin, transparent wall and a gaseous 
centre, i-e., a monocell. 

Following the procedure of Example 1 the 
following products were prepared: 125 
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Example 


Monomen 


Tim 


Blowing Agent 


Volume Percent R«ult 


Methytmeihacryl* 80 
ate (MMA) 

Styreoc 20 

MMA 90 

Ethyl mcihicryl- 

ate (EMA) 10 

Divinyl benzene 0.05 

(DVB) 

MMA 10 

EM A 90 

DVB 0.05 

EM A 100 

DVB 0.05 

MMA 90 


o-Chlorojtyrene 10 

DVB 0.05 

7 MMA 10 
o-Chloroityrcne 90 

8 o-Chloros ry rene 1 00 

9 Vinytbcnzyl 100 
chloride 

10 MMA 90 
Acrylonitrile 10 

(VCK) 

DVB 0.025 

11 MMA 50 
VCN 50 
DVB 0.025 

12 MMA 90 
p-teruary butyl 10 

sryrcne 

DVB 0.05 

13 MMA 70 
p-terua/y butyl 30 

sryrcne 

14 MMA 80 
Vinyl acetate (VA) 20 

DVB 0.05 

15 MMA 10 
VA 90 

16 MMA 90 
Butyl acryUte 10 

(BA) 

DVB 0.05 


Ncopema/tc 


Neopenttne 


Kcohexuc 


Neopcntaoc 


27.5 


31. J 


31.3 
36.5 

31.7 

29.3 

35.3 
35.4 

29.8 

28.4 
29 9 

39.6 

31.3 

31.2 
31.05 


Symme- 
trical 
bctih 


Sy.T./r-e- 
tnuJ beads 


Aiymme- 
trical be*di 


Symmc* 

tncml 

bemda 


<50 iym. 
>50 asyra. 


Symxn. 


E inn pic 


Monomer* 


I'iiM\ blowing Agcni 


Volume I'erccnf Kcvuli 


17 
)8 
19 
20 

21 
22 
23 

24 
25 

26 

27 

28 

29 
30 

31 

32 

33 
34 


MMA 


DV^D 


Strycnc 
DVB 

Sryrctre 
DVB 


too 


0.05 


100 
0.03 

100 
0.05 


Styrcnc 
Ethylene glycol ' 0.2 


100 

I 

dimcthftcryUte (EGD) 
Styrcnc * 100 


Scyrenc 99 
MethKrylic Acid 1 
(MMA) 

Styrcnc 96 

MAA 4 

Styrcnc 84 

MAA 16 

Styrcnc 83 
MAA 2 

vaa 15 

DVB 0.05 

Styrcnc 99 
Acrylic Acid (AA) 1 

Styrcnc 98 

AA "2 
EGO 0.12 

Styrcnc 98 
MAA 2 
DVB 0.05 

ViayUdcsc Chloride 91 

VCK 9 


* Neoper.ttne 
Uo per tine 
it 

Dichloromra* 
lluorocthane 
(DCTFE) 

Neopcniuie 
DCTFE 
Neohexanc 

Neopcaunc 


DCTFE 


Neopcnune 


VA 
MMA 

VA 


70 
30 

100 


39.45 

2! . I 
27.) 

25.4 

38.3 
61.4 
37.45 

23.0 

23.0 
33.0 

33.0 

39.44 

38.8 
34.05 

36.6 

36.6 

31.2 
312 


A*ym. 

Aaym. 
Sym. 


A»ym. 


Mijor 
Aiyra. 


Sym. 


Major 
Sym. 


Mijor 
Atym. 

Sym. 


Sym. 
Sym: 
Sym. 
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Fumple 


Monomer* 


Parti 


Blowing Agent 


Volume Percent Result 


35 

MMA 
AA 

98 
2 


26.8 

36 

mMa 

AA 

98 
2 


3.85 

37 

Styrtne 

MAA 
DVB 

98 
2 

0 05 

v. 

1.1 "flickiftmtet ra • 

*1* UtViHyiVtiilll" 

fluorocJiylcne 

38.0 

38 

Styrtae 
MAA 

99.6 
0.1 

Neopentane 

3) 

39 

0»Ch torn t v ren t 

MAA 
DVB 

92 
8 

0.05 


j i .a 

40 

Scyreoe 
VCN 

95 
2 


33.0 

41 

Stvrenc 
VCN 

90 
10 

»# 

38.0 

42 

Styrene 
VCN 

20 
80 

»• 

38.0 

43 

Styrene 
VCN 

60 
40 

i» 

12.8 

44 

Styrene 
VCN 

60 
40 

n 

6.8 

45 

Vinyl chloride 
(VO) 
VeQ, 

30.6 
45.6 

M 

30.4 

46 

MMA 

VCVjg 

100—10 
90—0 

m 

34—39.5 

47 

Methyl Acrylate 

100 

Neohexane 

59.5 

48 

Methyl Aqjylatc 

too 


32.9 

49 

MA 

MMA • 

90—70 
10-30 

Isopcnunc 

31—33.6 

50 

MMA 
EGD 

90 
10 

Kcopcnune 

60—96.5 

51 

VcDI, 
BA 

d0 
70 

i» 

32 

52 

MA 
VCN 

10—90 
90-100 

»t 

30.8—33.9 


Sym. 


80% A»ym. 
Sym. 

80";, Sym. 

Sym. 

Sym. 


Major 

Sym. 

Some Asym. 

No en- 
cipsuUiion 


Synl 

Sym. 
Sym. 

^Sym. 
Sym. 
Sym. 
Sym. 
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Exampu 5) 
A polymerization reaction was charged with 
100 pans of deionized water and 15 grams of 
a 30 percent by weight cnJIutdal silica disper- 
sion. To ihit mixture wis odded 2 1/2 parts 
of a copolymer prepared from diethiool amine 
•nd adiplc Kid in cquimofar proponions 10 
give a product having a viscosity of sbout 5 
centipoJaes at 2J°C One (1) part of a solution 

» containing 2 1/2 percent potassium dichrcmate 
was »dded to the polymerization reactor, lite 
pH of the aqucoua mixture waa ad jus led to 4 
by addition of hydrochloric acid. Seventy-seven 
(77) parta of a monomer mixture comprising 

» 70 percent by weight of aerylonitrilc and 30 
percent by weight of Yinylldene chloride was 
catalysed wt>h one-half to I percent of 2*2 
azo - Ws * taoburyro nitrile. To this monomer 
mixture wta added 23 weight pcrctm (30.3 

» volume p e rcent) baaed on the weight of the 
oil phase of ncopemanc. The rein ion mixture 
was subjected to violent agitation by a blade 
rotating at a «peed of about 10.000 rpm. A 
portion of the contents was sampled to deter- 

» mine particle size and the reactor immediately 
aealed. The monomer neopentane droplets 
appeared to have diameters ranging from about • 
2 to about 5 microns. The reaction mixture was 
maintained at a temperature of about 55°C 

> for a period <*f 24 hours. Gentle agitation was 
maintained during this reaction period and at 
the end of the reaction period, the temperature 
of the mixture was lowered to about 30°C The 
reaction mixture had a chalky-white appear* 

> a nee similar to milk. A portion of the mixture* 
was filtered to remove the small bead* and the 
beads subsequently placed in an air oven at a 
temperature of about 30°C A portion of the 
beads waa heated to a temperature of about 

) 150°C for a period of about 2 minutes. At 
;his temperature the beads expanded and 
turned dark. The product* prior to heating, 
appeared under a light microscope to have a 
fine structure to the surface , and contained a 

> liquid centre of neopcntine. 

Exam pl g 54 
Beads prepared in accordance wiih Example 
1 were confined withta a moid in a quantity 
sufficient to fill the mold when expanded. They 

i were heated to a temperature of about 140°C 
for a period of three minutes. The mold and 
contents were cooled and the resultant article 
waa found to conform to the smooth configur- 
ation of the moid- It had a white appearance 

? and the tit/ cells were not readily detectable 
by means of the naked eye. It was strong, 
durable and apparently had a smooth surface. 
On microscopic examination the individual 
partita appeared to be tightJy bonded to* 

0 gcthc, each forming an individual cell. 

ExAMPti 53 , 
Expanded polymethyl methacrylate panicles 
prepared io accordance with Example 1 and 


fcAvina diameters of 2—3 micrun* and voij 
to polymer ratio of approximately 20: I i.e., 63 
a bulk density of appmvinutcly U.C6 »crt ad* 
mixed with wster in a ratio of 15 pans by 
weight of panicles to 85 pans of water Fifty, 
eight parti of the resultant dispersion we*? 
admixed with 28.6 pans of a synthetic mine 70 
latea prepared from 67 pans by wefgnt of 
ethyl scry lite and 33 pans by weight of 
methyl methacrylate. This latex wit 50 per. 
cent solids. 1 J 5 Pans of a 2 percent 
by weight hydro* ypropylmcthyl cellulose 75 
solution was added to the latex ex- 
panded panicle dispersion. The methyl 
cellulose served as a viscosity controlling agent 
to permit brushing. The resultant material 
wis then brushed on to a half inch diameter 80 
(1.27 mm.) copper tube and permitted to air 
dry. This procedure was repeated resulting in. 
a coating about 8 mils (0.2 mm.) in thickness. 
A ponion of the half inch copper tube was 
coated with the latex alone until a coating 85 
thickness of 8 mils (0.2 mm.) was obtained (dry 
thickness). Water at a temperature of about 1 
to 2°C was then pumped through the tube 
while the tubing was maintained in a room 
having a temperature of about 22°C The 90 
surface temperatures of the coated and un- 
coated tubing were measured by means of a 
surface pyrometer. The bare copper surface 
temperature at the inlet and outlet of the tube 
measured 4 1/2° and 5 1/2°C respectively. 95 
The latex coating measured about 9°C where- 
as the surface of the coating containing the 
expanded panicles measured 18 1/2°C 


Exam TLB 56 
A portion of the coating composition of 100 
Example 55 employing the expanded particles 
was applied to bond paper and permitted to 
air dry ai about 24°C to result in a coating 
about 5 mils in thickness. The resuluat coating 
almost totally obscured printing on the bond 105 
paper, adhered well to the paper, and provided 
an insulating coating thcreoo. 

ElAMPLg 57 
A coating composition was prepared utilizing 
unexpanded dry panicles as prepared in 110 
Example 1, wherein 50 pans by weight of the 
particles were admixed with 122 paru of an 
aqueous latex, 41 percent solids which was 
prepared by utilizing 50 percent by weight 
methyl methacrylate, 46 percent by weight f 15 
normal butyl acrylatc and 4 percent by weight 
acrylic acid. Two coatings of this formulation 
were applied to the outer wall of a paper cup 
with air drying between the coats and after the 
last coat. On heating the cup to a temperature 120 
of I30°C. a white opaque foam coating was 
obtained which provid.: i adequate insulation 
for hot beverages such ss ->fTee. No tendency 
was observed for the coa:» * to peel or other* 
wise be removed from the .... net, 175 
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E%AMJ*L* 58 

In • manner simitar to ihc fnrextHng 
example, ut tilling the 70:31) copolyrr.er of 
methyl aery late and meihyl mcthacrylaie. a 
5 thin plastic cup made from a graft copolymer 
of 95 percent styrene on poiybutadiene rubber 
wai similarly coated and subsequently expanded 
at 70 6 C to provide commensurate hcnettctal 
results. 

10 Examplk 59 

The coating .composition of Kxamplc 55 
waj brushed over the entire outilde surface of 
a paper cup and the inside of an identical paper 
cup until a coating thickness of about 5 mils 

15 (0.13 mm.) wu obtained on each cup. The 
cups were then nested with the crated surface* 
adjacent and facing each uiher. The nested 
cups were pitted in an air oven at N(TC. The 
costings expanded, and fused together forming 

20 a rigid unitary article. The resultant laminate J 
cup was strong and rigid. Similar beneficial 
results were obtained when sheets of paper 
were treated in a similar manner and the 
coat i op foamed in contact with each other. 

25 Example AO 

The procedure of Example 58 was repeated 
wherein the various binders were employed 
including a late* about 45 percent solids pre* 
pared by polymerizing 40 percent styrene and 

30 60 percent 2 . ethylhexyl acrylate, a latex 
about 40 percent solids prepared by polymeria, 
ing 15 parts of styrene, 55 parts of is© butyl 
acrytate, and 30 parts of acrylic sad* a latest 
prepared by polymeri2ing 60 parts of styrene 

33 and 33 pans of butadiene. 

Exam rx 8 61 
A coating composition was prepared using 
166 parts by weight* of a suspension of (he 
expandable panicles prepared in Example I 
40 wherein the solids concentration was 30 percent 
by weight, 120 pans by weight of a latex, 41.7 
percent solids and prepared by the copoly- 
mer ixation of 40 pans of styrene and 60 pans 
of 2 • ethylhexyl acrylate., and 15 pam by 

49 weight of a 5 percent by weight solution of a 
sodium polyacrylate commercially avai labia 
under the trade designation of "Acrysol GS H . 
CAcrysoi" is a registered Trade Mark). This 
coating formulation was applied to a wooden 

50 panel which had been previously coated with 
two coats of a blue colored lacquer. This coat* 
ing adhered well to the surface, showed no 
tendency to crack or peel therefrom, but on 
heating with a . blast of hot air the particles in 

55 the coating expanded, and the coating released 
from the surface leaving the clean surface of 
the blue lacquer. In a similar manner, metal 
panels were coated with the above-mentioned 
composition and dried to provide a continuous 

60 protective film. On heating of the coatings 
they released from the surface to leave a clean 
metal surface. 


, l-XAMTLS 62 

A muture was prepared utilising 200 pans 
W i 55 percent solid* natural rubber latex, 50 63 
parti by wcigftt of dry unexpanded paniclea 
prepared in accordance with Example I. two 
pans uf a rubber antioxidant solid under the 
, trade dciign.itinn of "Wfngstay S M and 50 parts 
by weight of water. ( M Wlngss»y , • ! 9 a registered 70 
irade Mark). These components were mixed 
(o a uniform dispersion and coagulated by the: 
addition of hydrochloric icJd while agitating. 
When thift dispersion was completely co- 
agulated, the coagulum was separated and 73 
vacuum dried at about 23"C. for 48 hours. A 
rectangular portion was cut from the dried 
mass having the relative dimensions of 1, 2 
ond 4 and placed in an air ovea at a ixinuu * 
ature of 165°C for 5 minutes. An enlarged 80 
replica of the original piece was formed which 
had a density of 18.3 pounds per cubic foot 
(292 Kg./cu.m.). It was observed that the 
expanded material wu stiffer than prior to 
expansion while stilt retaining elastomerk 85 
characteristics. The comprcs^ve strength 
uf the expanded material wu significantly 
higher than most sponge rubbers. Microscopic 
examination of sections of the body indicated 
thai the expandable panicles maintained their 90 
identity. Other samples of the above felines ted 
cumnmiiiiin were foamed by means of dielectric 
heat to densities of about 14 pounds per cubic 
foot (224 sx/cu-m.}. The unexpanded poniona 
varied in thicknc** From about 1/4 Af an inch 95 
to one inch (0.63 to 2.5 cm.). 

Example 63 
One hundred pans by weight of an epexy 
resin composition was prepared utilizing* a 
mixture of a condensation product of Btsphenol 1 
A and cpiiMoruhydrin under the designation 
of IV" R, 331 (Registered Trade Mark), 3 
pans by weight of water, 12 parts by weight of 
triethylcncdiamine and 16 parts by weight of 
dry panicles prepared in accordance with 10 
Kxample I. Mixing of the above components 
resulted in a foam able material that expanded 
tn a rigid foam having a density of about 2 
pounds per cubic foot (32 kgs-/cu.m.). . An 
alternate method of formulating the expandable 11 
cpoxy composition i s to employ a minor por- 
tion of the tricthy tenet etra amine such as two 
parts by weight of the tricthylenctcir.iamine, 
a pamal pre polymer is formed having a sig- 
niltcantly increased viscosity. Subsequent addi- 115 
lion of the remaining 10 pans of the .tri- 
eihylenctetraamine * causes the generation of 
sufficient heat to expand the panicles and 
provide a rigid cposy foam. 

Example 64 i 

A polymerization reactor equipped with an 
agitator was charged with 100 pans of de- 
ionized water and 60 pans of a 30 weight per* 
cent dispersion of colloidal silica in water. The 
colloidal silica diipeixfen was 30 percrrtt by 125 
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7. A panicle n claimed in toy one at Cairns 

I, 2, 3 or 5 wherein ihe thermoplastic :eiinoui 
material comprises peJyiryrene. 

8. A jttniclt as claimed in anj one of Gaims 
* 1 to 6 wherein the thermoplastic resinous 

material comprises a polymer of methyl mcth- 
aery late. 

9. A panicle In accordance with any one of 
Cairns I (o 6 wherein the thermoplastic 

J° minoua material ii a copolymer of meihyl 
mcthecrytete with styrene, ethyl methacrylate, 
o • chlorostyrenc, acrylonitrile, p . tertiary* 
butylstyrer*, vinyl acetate, or bury ecrylate. 

10. A panicle in accordance with any one 
*' of Cairns 1 to 6 wherein the thcrmoplattic 

resinous materiaJ it a copolymer of stvnme with 
methscrylic acid, acrylonitrile, vmylbcnxyt 
chloride, or acrylic acid. 

1 1. A panicle in accordance with any one of 
™ Claims 1 to 6 wherein the thermoplastic 

ruinous material comprises a polymer of 
; acrylonitrile and vinylidene chloride. 

12. A particle in accordance with any one of 
Oatmi 1 to 6 wherein the thermoplastic 

2? resinous material it a polymer of vinylbcmyl 
chloride. 

13. A panicle in accordance with any one of 
Cairn* 1 to 6 wherein the thermoplastic 
resinous msreriat is a copolymer of o - chloco- 

30 tryrene and scry lie acid. 

14. An assembly comprising a plurality of 
the particles claimed in Claim 4 in closely 
spaced adjacent relationship, a thermoplastic 
resinous binder surrounding at least a major 

35 portion of the panicles and adhering the 
panicles together. 

15. An assembly as claimed in Claim 14 
wherein the thermoplastic resinous binder is 
adhered to at least one surface of a substrste. " 

40 16. An assembly ss claimed ia Cairn 15 
wherein the panicles snd binder form a sub- 
stantially continuous layer. 

17. An assembly as claimed in Cairn 15 or 
Claim 16 wherein the substrate it a fibrous 
' 45 celiuJosic material or a thcrmoplattic resinous 
material. 

II. An assembly %% claimed in Claim 15 or 
Claim 16 wherein the substrate ia a container. 

19. An assembly as claimed in Cairn 18 
50 wherein the thermoplastic resinous substrate is 

la the form of a drinking cup. 

20. An assembly comprising a plurality of 
theu anicses claimed in Oaim 4 dispersed 
within a hardenable resinous material. 

59 21. Aa assembly as claimed in Claim 20 
wherein the hardenable resinous material is an 
exothermic material which, on curing, provides 
sufficient heat to cause the panicles to expand. 

22. Aa assembly as claimed in Cairn 21 

60 wherein the hardenable resinous materiel is an 
epoxy resin. 

23. A coating comprising a plurality of 
thermoplastic resinous panicles having encap- 
sulated therein a non-polar votarile blowing 

65 agent as s distinct and separate liquid phase. 


the pmiclet being adhered together by means 
of s flexible i^rmopUstic resjnoua binder, the 
binder being present in a proportion lust suffi- 
cient to adhere the psnldes together and 
adhere them to a substrate. 70 

24. A method for the preparation of mono* 
cellular expandable thermoplastic resinous 
polymer psnicles comprising dispersing a 
polymer liable monomer con Mining between 20 
and 95 per cent by volume baaed on the volume 75 
of the oil phase of a non-polar volatile blowing 
agent in a -non -solvent dispersing medium to 
lorm a plurality of droplets and polymerising 

the droplets tr form rigid generally spherical 
» polymer shell*, containing encapsulated there* 60 
in a discrete, liquid phase of the non-polar 
volatile blowing agent. 

25. A method aa claimed la Claim 24 where* 
in the monomeric material containing the 
volatile blowing agent ia dispersed in aa 65 • 
aqueous dispersion medium utilising a sua* 
pending agent adapted to give limited coales- 
cence technique to provide a generally narrow 
range of panicle size distribution. 

26. A method as claimed in Gains 25 90 
wherein the limited coalescence dispersion 
system provides droplets having a panicle 
diameter of from 1/2 micron to 5Q microns. 

27. A method of preparing ah expandable 
thermoplastic resinous panicle having sym- 95 
metrically encapsulated therein a quantity of a 
non-polar liquid volatile blowing agent com* 
prising polrmeriiating, meihyl methacrylatc in 

the presence of from 20 to 95 per cent based 
on the volume of the oil phase, of the volatile 100 
blowing agent therefor while the monomer and 
blowing agent are dispersed ia the form of 
spherical droplets in an aqueoua suspending 
medium. 

26. An expanded ' thermoplastic resinous 105 
panicle having a generally spherical cup-like 
configuration. 

29. A panicle as daimed in Claim 28 having 
a generally circular opening. 

30. A method for the preparation of mono- 110 
cellular thermoplastic polymer particles sub- 
stantially as described with reference to any 

one of Examples 1 to 43, 45 to 53 and 62 to 
64. 

3 1 . Monocellular thermoplastic panicles 1 1 5 
whenever prepared by the method claimed in 

any one of Cains 24 to 27 or 30. 

32. A method of coating ankles substsnu'ally 
ss described with reference to any one of 
Examples 55 to 61 and 64. 120 

33. Articles whenever coated by the method 
claimed in Cairn 32. 

34. Monocellular thermoplastic polymeric 
psnicles substantially as described with refer- 
ence to Figures 1 and 2 or 3 and 4 of the 125 
accompanying drawings. 

35. An assembly as ckimed in Claim 14 
substantially as described with reference to 
Figures 7 or 8 and 9 of the accompanying 
drawings. \y) 





